Finding the number and best locations of fixed air quality monitoring stations at street level is challenging because of the complexity of the urban environment and the large number of factors affecting the pollutants concentration. Datasets of urban parameters such as land use, buildings morphology, streets geometry and traffic volume in high resolution grid cells (e.g. 20×20 m) in combination with direct measurements of airborne pollutants at high frequency (1 -10 s) along a reasonable number of streets can be used to interpolate the pollutants concentration to a whole gridded domain and determine the optimum number of monitoring sites and best locations for a network of fixed monitors at ground level. In this context, a data driven modeling methodology is developed based on the application of Self Organizing Map (SOM) to approximate the nonlinear relations between urban parameters (82 in this work) and aerosol pollution data, such as mass and number concentrations measured along streets of a commercial/residential neighborhood of Singapore. . The urban parameters used in this case showed to be an indirect measure of aerosol concentrations within the studied area. The potential locations for fixed air quality monitors are identified through clustering of areas (i.e. group of cells) with similar urban patterns. The typological center of each cluster corresponds to the most representative cell for all other cells in the cluster. In the studied neighborhood four different clusters were identified and for each cluster potential sites for air quality monitoring at ground level are identified. Fig. 1 -Selected study area: Rochor, Singapore, the urban domain selected to test the datadriven method proposed here. Rochor meets the heterogeneity requirements to investigate the nonlinear correlations between urban parameters and air pollution at ground level. Fig. 2 -Time series of PM2.5 mass concentration measured above the urban canopy (background) and along the streets of the commercial/residential neighborhood of Rochor, Singapore investigated in this work, and the hourly 24-hour average concentrations reported by the local environmental agency (ambient level) on 10-July-2013 during the evening rush hour.
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Self Organization Map (SOM)
SOM is a data driven modeling method introduced by Kohonen (1982) . From a mathematical point of view, SOM is as a nonlinear data transformation in which data from a high dimensional space is transformed to a low dimensional space, while the topology of the original high dimensional space is preserved. SOM is a generic, robust and powerful method that can be used for visualization of high dimensional data and data exploration (Fig. 3.) , state space modeling and clustering and most importantly, as a nonlinear function approximation method without reducing the complexity of the system. Fig. 4 Fig. 4 Fig. 4 -Each hexagon is a node in SOM and the size of the black points within each hexagon is proportional to the number of training data, placed in that node during the training phase. for more detail, please refer to the algorithm. Fig. 9 -Distribution of the grid cells in the real twodimensional space grouped in the four different clusters (i.e. urban settings) that form the neighborhood of Rochor, Singapore. Fig. 7 -Distribution of the confidence levels of the estimated aerosol concentrations using the nonlinear approximation function of SOM for each individual cell overlaid on a map of the studied neighborhood of Rochor, Singapore. Fig. 3 -Visualization created by SOM for the different particle variables measured at street level: SOM is capable of delivering two-dimension maps in which smooth changing patterns of the original high dimensional space can be visualized. The interrelations between the different aerosols variables after training a SOM by just using the averages of the measurements for each grid cell is shown. Two patterns are observed, one linearly correlated for PM1, PM2.5 and PM10, and one nonlinearly correlated between the other variables ( PN concentration, BC, pPAHs and ASA).
Algorithm:

Train a SOM based only on urban parameters (with normalized values) covering the whole domain and including grids with and without direct aerosol measurements. 2.For each grid cells i with urban parameters X i : a. Project the grid cell i into the trained SOM and find the K most similar nodes in terms of urban parameters through the computation of Euclidean distances between the weighted vectors in the trained SOM and X i (see Fig. 4). b. Within the selected region of nodes (red contour in
) find the grid cells with aerosol measurements (X r ) (triangles in
). c. Calculate the normalized similarity between the selected cells and those with measurements (i.e. X i and X r ). d. Based on the following two recommendations calculate the aerosol concentrations for cell i: -Calculate the weighted average concentrations from the selected cells with measurements. The weighting must be based on normalized similarity of the urban parameters between cell i and those cells with measurements (i.e. X r ) in the selected node. -If weights are close to each other with no dominant weights from few of the selected cells, use the measurements median instead of the mean to prevent bias from extreme values when calculating the average concentrations. Geometric means are also an option.
Modeling the nonlinear functions between urban parameters and aerosol variables
Potential locations for fixed monitors based on clusters of similar urban patterns
Approximation of concentrations for other areas with no direct measurements
